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ABSTRACT:
Assessing the impact of a landfalling tropical cyclone (TC) can be challenging due to the lack of a coherent surface
wind analysis. Albeit intermittent, surface winds over the ocean are still measured via in-situ dropsondes, SFMR, etc.
Unfortunately, surface data (e.g., Automated Surface Observing Systems, ASOS) are more problematic as power
outages are typically widespread during high impact events. In terms of spatial and temporal coverage, Doppler Radar
is a useful tool, but the dual-Doppler analyses generally do not extend below a few hundred meters and thus must be
extrapolated downward in order to estimate the near surface wind. In the case of a single radar – a VAD approach is
generally necessary, but challenging, in the presence of deep convection. In either case, this requires knowledge of
surface roughness and an assumption that the log law relationship is valid. However, even under neutral conditions,
the latter is not a certainty – especially in the TC environment. Conversely, ground-based LIDAR systems can reliably
be used to provide high resolution profiles of the three- dimensional wind field – however they do so only at a single
point. The estimation of surface winds during a storm are generalized over large areas, and often do not represent the
true winds experienced at a location. Local effects are dependent on the upwind surface elements at a given location,
and thus the use of surface roughness is great way to incorporate local effects in the estimate of near surface wind
speeds.
Winds from the Florida Tech LIDAR are combined with those from our Wireless Sensor Network (WSN) and R.M.
Young anemometer during the passage of tropical storm Isaias on 2 August 2020. A conically scanning ZephIR Z300
LIDAR (Campbell Scientific, 2012) was sited at 28.177°N, -80.590 °W on the coast in east-central Florida and had
an open fetch with respect to the on-shore flow. Wind profiles were sampled at approximately 20 s intervals at 10
vertical range gates (from 11-to-150 m above ground level (AGL)). As the outer rainbands of Isaias moved across
the east-central Florida coast over 2000 vertical profiles were recorded during an 11-h window. The R.M. Young
anemometer was located inland, approximately 0.36 km from the lidar , mounted at 7.3 m AGL. The wind data was
collected over a 48-h period, before, during, and after the passage of Isaias off the east-central Florida coast, at a
temporal resolution of 6s. Using representative surface roughness estimates and the log law, the LIDAR measurements
are compared with those of the anemometer. The impact of the dynamic ocean surface with respect to the upstream
roughness, are also examined.
To estimate dynamic oceanic roughness lengths, 20 s data from the LIDAR was averaged over 10 min periods. To
estimate zo, the turbulence intensity was calculated using the LIDAR average 10m winds for each period. The TI
responds to the passage of rainbands and the associated convection as changes in the wind speed impact the ocean
surface. The passage of the rainband is accompanied by higher wind speeds which temporarily result in a rougher
surface. . These fluctuations in zo in the coastal zone are an important aspect in characterizing the land- falling tropical
cyclone environment.
Our work includes an approach to determine zo values using land cover and QGIS, an open-sourced geographic
information systems software. A ‘wedge’ tool of variable angular width, based on upwind direction from a given
location has been developed. The tool is used to extract a slice of 30 m resolution National Land Cover Database
(NLCD) data. A look-up table that assigns zo values (Markert et al., 2019; Nicholas & Lewis Jr., 1980; Wiernga,
1993), to land cover types and is functionally weighted based on distance from the location will be tested using the
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LIDAR and anemometer data. When appropriate, the NLCD database may be modified in order to account for the
classification of surfaces such as highways, airports, etc., that are currently labeled as high intensity developed areas
even though they are relatively smooth surfaces when compared to commercial/industrial buildings also in this
category.
In previous work Besing et al. (2021) compared dual-Doppler Analysis (DDA) winds from the University of
Oklahoma SMART Radar (Biggerstaff et al., 2005) and the National Weather Service WRS-88D radar located in
Melbourne, Florida with data collected from the FIT LIDAR during the passage of Hurricane Dorian on 2 September
2019. Using ocean based roughness estimates obtained from the TI calculations, a log-law relationship was used to
“connect” winds between the lowest DDA level (500 m) to the LIDAR top range gate (150 m). In cases where winds
at 500 m were a greater magnitude than those at 150 m, the log-law relationship yielded estimates frequently within
+/- 1 standard deviation of the observed winds at that height. In cases where winds aloft were less than those at 150
m, the log-law relationship largely underestimated wind speeds. Even with improved surface roughness estimates,
the reconstruction of the surface wind field within a tropical cyclone environment is a challenge and will likely require
a more statistical approach.
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